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Differential scanning calorimetryDifferential scanning calorimetry (DSC) was applied to investigate the effect of cholesterol on the
thermotropic properties of the lipid membrane (DPPC and DPPE). The thermostability and unfolding of
solubilized and reconstituted Na,K-ATPase in DPPC:DPPE:cholesterol-liposomes was also studied to gain
insight into the role of cholesterol in the Na,K-ATPase modulation of enzyme function and activity. The
tertiary system (DPPC:DPPE:cholesterol) (molar ratio DPPC:DPPE equal 1:1) when cholesterol content
was increased from 0% up to 40% results in a slight decrease in the temperature of transition and
enthalpy, and an increase in width.
We observed that, without heating treatment, at 37 C, the activity was higher for 20 mol% cholesterol.
However, thermal inactivation experiments showed that the enzyme activity loss time depends on the
cholesterol membrane content.
The unfolding of the enzyme incorporated to liposomes of DPPC:DPPE (1:1 mol) with different choles-
terol contents, ranging from 0% to 40% mol was also studied by DSC.
Some differences between the thermograms indicate that the presence of lipids promotes a conforma-
tional change in protein structure and this change is enough to change the way Na,K-ATPase thermally
unfolds.
 2014 Elsevier Inc. All rights reserved.Introduction
Na,K-ATPase is a member of the P-type family of active cation
transport proteins. It is present in the plasma membrane of virtu-
ally all animal cells. The enzyme complex consists of two main
polypeptide chains: the a-subunit and b subunit (110 kDa and
35–50 kDa, respectively) [1,2]. A third subunit is a small hydro-
phobic protein (c subunit in the kidney) that is associated with
the Na,K-ATPase, with a relative molecular mass of 7–12 kDa [3].
The enzyme uses energy from ATP hydrolysis to transport three
Na+ ions out of cells and two K+ ions in against their concentration
gradients [4]. The Na+ gradient generated drives many transport
processes through co-transporters (sodium glucose) and exchang-
ers (Na+/Ca2+). This gradient also drives amino acids and vitamin
transport into cells [4]. Beside this, the electrochemical gradient
is essential for physiological processes such as electrical excitabil-
ity, nerve transmission, and muscle contraction [5,6]. The transport
of Na+ and K+ is accomplished by conformational changes. Ingeneral, two main states exist: the sodium-bound E1 state and
the potassium-bound E2 state [7].
Crystal structures of NKA at 5 ÅA
0
resolution or higher have eluci-
dated some states of this protein. Two were analogous to E2Pi2K+.
The ﬁrst was the crystal of the enzyme extracted from pig kidney
in the E22Rb+MgFx state, at 3.5 Å resolution [8] and the second
was the enzyme extracted from shark glands rectal E22K+MgF42
at 2.4 Å resolution [9].
Two other structures were linked to ouabain states: with low
afﬁnity E22K+MgF42ouabain at 2.8 Å resolution [10] and with
high afﬁnity E2PnH+ouabain, at a resolution of 4.6 ÅA
0
[11]. The last
state was E2Pouabain with a resolution of 3.5 Å [12]. The most
recent was the E1(AlF4)ADP3Na+ form, analogous to the transi-
tion state (E1PADP3Na+) [13].
The ﬂuidity of the lipid bilayer can modulate the activity of sev-
eral enzymes associated with a membrane such as Na,K-ATPase.
Cholesterol is an essential lipid component of the plasma mem-
branes of the cells of higher animals and it is also found in lower
concentrations in certain intracellular membranes in vesicular
communication with the plasma membrane. Although cholesterol
has a number of different functions in animal cells, one of its
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lateral organization of the plasma membrane lipid bilayer
[14–16]. Changes in the cholesterol content of biological mem-
branes are known to alter the properties of the lipid lamella and
hence affect the activity of membrane-bound enzymes [17]. Lipid
rafts can be deﬁned as sphingolipid and sterol-rich lipid bilayer
domains that exist in the liquid-ordered (Lo) state [18]. Rafts and
related membrane microdomains such as caveolae have been
suggested to play important roles in sorting of membrane
molecules and in signal transduction in animal cells [19]. The very
complex lipid composition of the plasma membrane and formation
of speciﬁc lipid microdomains such as rafts are almost certainly
very important in the regulation of Na,K-ATPase [20].
Differential scanning calorimetry (DSC)1 is known to be one of
the most powerful methods for studying protein unfolding, as it
provides information on the structural organization and interactions
of cooperative domains in proteins [21].
Moreover, this technique is frequently used for determining
changes in model lipid membranes like liposomes and provides
accurate information, quickly and easily, about both physical and
energetic properties of a material [22].
A recent work from our group showed a quantitative descrip-
tion of how some factors such as ions, substrate and lipid inﬂuence
the stability of NKA using DSC. A recovery of the stability could be
veriﬁed when solubilized Na,K-ATPase was reconstituted in
liposome vesicles of DPPC and DPPE, indicating the crucial role of
lipids in the stabilization of the protein structure [23].
Here, we studied the effect of lipid composition in NKA stability.
For that purpose, different ratios of cholesterol were added in
the lipid microenvironment of NKA reconstituted in DPPC:DPPE
systems and how the different ratios of cholesterol affect the
ATPase activity of this enzyme was also veriﬁed.Material and methods
Material
All solutions were prepared with Millipore Direct-Q ultra-pure
apyrogenic water. All the reagents were of the highest purity
commercially available. Trichloroacetic acid (TCA), tris[hydroxy-
methyl]aminomethane (Tris), N-(2-hydroxyethyl) piperazine-N0-
ethanesulfonic acid (HEPES), adenosine 50-triphosphate tris salt
(ATP), bovine serum albumin (BSA), dodecyloctaethyleneglycol
(C12E8), cholesterol, dipalmitoylphosphatidylcholine (DPPC) and
dipalmitoylphosphatidylethanolamine (DPPE) were purchased
from Sigma. Ethylenediaminetetracetic acid (EDTA), potassium
chloride, sodium chloride and magnesium chloride were obtained
from Merck. Biobeads was acquired from BioRad.
Preparation of Na,K-ATPase
Solubilized Na,K-ATPase was obtained from dark red medulla of
rabbit kidney as previously described in [24].
Preparation of the liposome and proteoliposome
Liposomes were prepared by the extrusion method as described
below. The lipids were dissolved in chloroform:methanol (2:1) and
dried with nitrogen ﬂow, forming a lipid ﬁlm, and then dried over-
night under vacuum for complete solvent removal. The ﬁlm was
suspended in 5 mM Tris–HCl buffer, pH 7.0, containing 1 mM1 Abbreviations used: DSC, differential scanning calorimetry; TCA, trichloroacetic
acid; BSA, bovine serum albumin; DPPC, dipalmitoylphosphatidylcholine; DPPE
dipalmitoylphosphatidylethanolamine; EDTA, ethylenediaminetetracetic acid.,EDTA, 150 mM KCl, by incubation for 1 h, at 70 C and stirred using
a vortex at 10 min intervals. The mixture was then extruded
(11 times) through a 100 nm polycarbonate membrane under hot
air ﬂow.
Proteoliposomes of DPPC:DPPE (1:1 w/w) and cholesterol at
different mol% (0, 10, 20, 30, and 40 mol%) were prepared by the
co-solubilization method using a 1:3 (w/w) lipid:protein ratio in
the absence of cholesterol and 1:6 (w/w) in the presence of choles-
terol, as previously described in [25,26].
The determination of liposomes and proteoliposomes size
distribution was performed by Dynamic Light Scattering (DLS),
by using a N5 Submicron Particle Size Analyzer (Beckman Coulter,
Inc., Fullerton, CA, USA).Analysis of the protein
Protein concentration was estimated in the presence of 2%
(w/w) SDS as described in [24]. Determination of the protein in
the proteoliposome was performed according to the methodology
described in [16]. Bovine serum albumin was used as standard.Enzymatic activity measurements
Activity of the enzyme ATPase was assayed discontinuously at
37 C in a ﬁnal volume of 1.0 mL by phosphate release quantiﬁca-
tion as described in [27]. The reaction was initiated by the addition
of the enzyme, and it was stopped with 0.5 mL of cold 30% TCA.
Samples were centrifuged at 4000g prior to determination of phos-
phate. Standard assay conditions were 50 mM HEPES buffer, pH
7.5, containing 3 mM ATP, 10 mM KCl, 5 mM MgCl2, and 50 mM
NaCl. Assays were performed in triplicate. Controls without added
enzyme were included in each experiment to quantify non-
enzymatic hydrolysis of substrate. The initial rates of hydrolysis
were constant for at least 30 min, provided that less than 5% of
substrate was consumed in the reaction.
Thermal inactivation studies of reconstituted Na,K-ATPase
preparations were performed in thermostatic water baths at
temperatures ranging from 50.0 to 62.5 C. After 1–250 min, the
residual enzymatic activity in 50 lL aliquots were assayed at
37.0 C, as previously described. The inactivation constant and
the thermodynamic parameters were calculated as described in
[28].Differential scanning calorimetry
Transition temperatures (Tm) of the liposome, the proteolipo-
some, and the solubilized protein were measured by Differential
Scanning Calorimetry (DSC). Samples and reference (buffer) were
placed in the calorimeter and analyzed by using a Nano-DSC II
from Calorimetry Sciences Corporation, CSC (Lindon, Utah, USA).
All samples were degassed under vacuum (140 mbar) for 30 min
prior to use, and scanned from 20 to 100 C at an average heating
and cooling rate of 0.5 C/min, under 3 atm pressure. The baseline
was determined by ﬁlling both sample and reference cells with
buffer. Data analysis was performed with the aid of the ﬁtting
program Cpcalc provided by CSC. The plot and deconvolution were
carried out by using MicroCal Origin 8.0 version (Gaussian decon-
volutions with R2P 0.996).Results and discussion
The solubilized and puriﬁed Na,K-ATPase was reconstituted
into lipid vesicles mimicking the natural membranes. In our study,
the use of cholesterol in a proteoliposome preparation resulted in
Fig. 1. Reconstituted ATPase activity (d) and protein (j) incorporation of solubi-
lized and puriﬁed Na,K-ATPase into DPPC:DPPE-liposomes. The percentages were
relative to initial activity and concentration of enzyme. The values are the
average ± SD of three determinations.
Fig. 2. DSC heating thermograms of DPPC:DPPE:cholesterol bilayers. The lipid ratio
DPPC:DPPE was maintained constant (1:1), altering the cholesterol ratios as
indicated.
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mum hydrolytic activity at 20 mol% cholesterol and 37 C (Fig. 1).
The hydrophobic matching of the lipid bilayer and the trans-
membrane hydrophobic core of the membrane protein is a crucial
parameter in supporting optimal Na,K-ATPase activity. The very
complex lipid composition of the plasma membrane with lipid
domain formation is also very important in the regulation of
Na,K-ATPase [16].
The question is if the activity modulation of Na,K-ATPase by
cholesterol can be via membrane properties (ﬂuidity) or a speciﬁc
lipid-protein interaction [16].
It was observed that the quantity of cholesterol in membrane
affects the enzymatic activity. Then, additional experiments were
performed with proteoliposomes to evaluate how different choles-
terol contents would interfere in thermal inactivation and stability
of Na,K-ATPase. First, the effect of cholesterol in temperature and
enthalpy variation of the transition phase of DPPC:DPPE mem-
branes was veriﬁed by DSC.
The transition temperature (Tt) of DPPC is 41.1 C with pre tran-
sition at around 35 C and enthalpy variation (DH) equal to
8.8 kcal/mol. For DPPE, the Tt is 63.6 C and DH is 8.6 kcal/mol.
The increase of cholesterol content in the DPPC:Chol binary system
did not alter the temperature transition, but decreased the
enthalpy variation. Cholesterol presence promoted the disappear-
ance of the peak related to the pre-transition seen before, around
35 C (data not shown). On the other hand, the presence of a grad-
ual amount of cholesterol in the DPPE:Chol binary system lead to
the decrease in transition temperatures as much as 5 C and also
decreased the enthalpy variation (data not shown).
It can be noted in Figs. 2 and 3 that the addition of cholesterol
into an equimolar mixture of DPPC and DPPE promotes a slight
decrease of the main phase transition temperature. The broadening
of the peaks leads to a decrease in the enthalpy variation value of
the transition phase (Figs. 2 and 3).
Differences in the afﬁnity of cholesterol for different phospho-
lipids may govern the lateral distribution of cholesterol within
biological membranes, and a cholesterol-rich domain may be
important for the sorting and localization of membrane proteins
within eukaryotic cells [29].
However, Blume [30] described the thermotropic behavior of
PC, PE and cholesterol mixtures and he found no preferential
afﬁnity of cholesterol for PC or PE in this system. A randomarrangement seemed to be more likely. The interpretation of
calorimetric data of these mixtures is hard, because the transition
temperature of PE alone is reduced in the presence of cholesterol
due to disturbances occurring in the intermolecular hydrogen
bonds. We cannot, however, detect any preference of cholesterol
for PE or PC in the mixtures [30].
It is known that cholesterol has inﬂuence on the packing and on
the ﬂuidity of the lipid bilayer [31]. The interaction of cholesterol
with phospholipid monolayer and bilayer model membranes has
been performed, utilizing a wide range of physical techniques
[14]. One of them is the Fourier transform infrared spectroscopic
(FTIR). The frequency analyses of C–H stretching mode collected
can be used to elucidate the phase-transition behavior and
order–disorder state of the system [32]. Some authors have used
both techniques, DSC and FTIR, to study the biophysical effect on
liposomes with different lipid compositions. A review in literature
showed no results regarding the effect of cholesterol on speciﬁc
DPPC:DPPE composition, neither by DSC or FTIR studies. Neverthe-
less, we have seen some results of the effect of cholesterol on DPPC
liposomes [33–36]. In general, these studies have shown that the
major effect of cholesterol incorporation on bilayer model mem-
brane is a broadening and eventual elimination of the cooperative
gel to liquid-crystalline phase transition and its replacement by a
phase with an intermediate degree of organization. For the speciﬁc
DPPC/Cholesterol composition, low to moderate cholesterol
concentration result in a DSC asymmetric thermograms and the
pre-transition is kept up to 10% mol of cholesterol and [14,33].
Fig. 3. Enthalpy variation (DH), transition temperature (Tm) and temperature
variation in the half height (DT1/2) for DPPC:DPPE:cholesterol liposomes.
Fig. 4. DSC thermograms of solubilized and reconstituted enzyme into DPPC:DPPE
and DPPC:DPPE:cholesterol with different cholesterol ratios. The proteoliposomes
were prepared according to item 2.3. The cholesterol ratios are indicated.
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have a more complex system (ternary). Besides the cholesterol
effect, there is the fact that PC and PE have different structures.
PC head group is larger than the PE group, which results in an
increase in membrane ﬂuidity compared to the PE group [37].
Here, we observed a broadening of the transition peak phase
with the increase of cholesterol ratio that indicates a disordering
of the system. Then, we can only conclude by our DSC results that
this range of cholesterol has gradually changed the physical
property of DPPC:DPPE bilayer.
The thermal unfolding of Na,K-ATPase from rabbit kidney was
also studied by DSC. Based on the calorimetric data, the thermody-
namic analysis of the protein folding allows the elucidation of
proteins tertiary structure features and determination of interaction
contributions thatmaintain the stability of the native structure [21].
The curve obtained for the thermal denaturation of the solubi-
lized and puriﬁed Na,K-ATPase is shown in Fig. 4 (solubilized
enzyme). The heat capacity proﬁle exhibits three transitions at
55.0, 62.7 and 69.5 C, respectively. In principle, multiple compo-
nents in the overall unfolding transition could be attributed either
to different steps in the unfolding pathway or to independent
unfolding of different domains (or to a combination of both) [38].
Grinberg and collaborators [21] also found three peaks, but differ-
ent from our results, the enthalpy values were rising from ﬁrst to
third.
Changes in the sample preparation conditions resulted in differ-
ent thermograms as shown in [38], as well as factors affecting the
stability of the enzyme are reﬂected in the calorimetric results.
These authors also found differences between the thermogramsof the enzyme extracted from pig kidney and shark salt gland. They
attributed this change to the different thermal stability properties
of the lipid bilayer, since relatively small changes between
a-subunits would not be able to cause a big change in the transition
temperature. The increased mobility of lipids in the membrane of
shark in a determined temperature leads to a greater ﬂexibility of
protein structure and therefore, a higher probability of unfolding.
Other authors found different thermal proﬁles for Na, K-ATPase from
different sources [39,40]. Therefore, it is difﬁcult to make compari-
sons between different preparations, whereas varied sources and
conditions result in different thermal unfolding proﬁles.
Using calorimetric data we also concluded that the thermal
denaturation of Na,K-ATPase is an irreversible process because
when the sample went through the second heating cycle, peaks
were no longer visualized (data not shown).
Changes in thermal stability in the absence and presence of dif-
ferent cholesterol ratios when compared to C12E8-solubilized
enzyme (Fig. 4) were also observed. As previously described, the
thermogram of the solubilized protein presents three peaks with
18, 176 and 51 kcal/mol (Fig. 4 – solubilized enzyme). Regarding
proteoliposome without cholesterol, we have also observe three
peaks, but with 180, 217 and 41 kcal/mol at 54.8, 64.4 and
72.0 C, respectively. The increase in DH values indicates that the
presence of lipids stabilizes the protein, whereas more energy is
necessary to promote the unfolding (Fig. 4; without cholesterol)
[23].
However, when cholesterol was inserted into the system (from
10 to 40 mol% cholesterol), the denaturation temperature of some
of transitions is shifted. In Fig. 4 it is possible to visualize the
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results indicate that a modiﬁcation in lipid composition causes a
conformational change, that reﬂect in different thermostability of
Na,K-ATPase. This alteration in its structure can explain the
changes in ATPase activity at different cholesterol contents.
According to Santos and collaborators [25] 35% of the enzyme is
inside-out oriented when reconstituted in DPPC:DPPE:cholesterol
(2:2:5 mol ratio) system. However, this percentage can be
modiﬁed with change in cholesterol proportion [16]. Then, the
alteration in activity can also be explained by different orientation
of the enzyme depending on the lipid composition, once we only
measure the activity of the portion of enzyme which is inside-
out oriented (ATP site exposed to the medium, and it is imperme-
able) [16,25].
Cuevas and collaborators [15] reconstituted pig kidney Na,
K-ATPase into vesicles to address the question of how the modiﬁ-
cation of the cholesterol content could affect the ATPase activity
using ﬂuorescence and infrared spectroscopy. These authors
observed changes in enzymatic activity at certain mole fraction
and they proposed that around these fractions the changes in
cholesterol concentration causes abrupt alterations in the
membrane organization [15].
If we compare the activity and thermodynamic parameters
(Table 1), we note that proﬁles of the proteoliposomes with 20
and 40 mol% cholesterol have higher total DH and activity values.
For 30 mol%, theDH and activity were the lowest values. Therefore,
there is a direct correlation between activity and enthalpy varia-
tion for thermal denaturation.
On the other hand, at 10 and 30 mol% cholesterol, some protein
structures become more labile. The ﬁrst transition happens at
around 30 C, which is below physiologic temperature. Some parts
of the protein structure can unfold at 30 C, but the transition
around 57 C is also observed. Although at 20 mol% cholesterol
the activity was higher, based on DSC results, a lipid environment
with 10 and 40 mol% cholesterol is also suitable for Na,K-ATPase.
The 30 mol% cholesterol was the worst ratio for thermal stabilityTable 1
Thermodynamic parameters of solubilized enzyme and proteoliposome with or
without cholesterol. The deconvolution of peaks was performed by MicroCal Origin.
The best deconvolution result was with three, four or ﬁve peaks depending on
cholesterol ratios, with R2P 0.996. The enthalpy values were calculated by peak area
and normalized by protein concentration, considering ab with 160 kDa.
System Peak DH (kcal mol1) Tm (C) DT1/2 (C)
Enzyme 1 18 ± 2.6 55.1 ± 1.2 3.2 ± 0.4
2 176 ± 3.2 61.8 ± 1.5 5.8 ± 0.5
3 51 ± 2.9 69.6 ± 1.2 5.1 ± 0.5
0 mol% Chol. 1 180 ± 3.5 54.8 ± 1.6 9.8 ± 0.3
2 217 ± 3.6 64.4 ± 1.3 8.2 ± 0.6
3 41 ± 2.8 72.0 ± 1.3 4.5 ± 0.4
10 mol% Chol. 1 210 ± 3.1 34.5 ± 1.4 8.0 ± 0.5
2 60 ± 3.0 56.3 ± 1.4 5.2 ± 0.4
3 146 ± 3.5 61.9 ± 1.3 5.2 ± 0.3
4 104 ± 3.2 68.5 ± 1.3 4.0 ± 0.3
20 mol% Chol. 1 68 ± 2.9 30.7 ± 1.2 6.5 ± 0.4
2 305 ± 4.0 56.8 ± 1.3 11.4 ± 0.4
3 68 ± 3.6 61.7 ± 1.2 4.4 ± 0.3
4 95 ± 3.4 68.3 ± 1.2 4.6 ± 0.3
30 mol% Chol. 1 75 ± 4.2 33.1 ± 1.4 7.6 ± 0.5
2 35 ± 4.0 56.7 ± 1.2 4.6 ± 0.4
3 80 ± 3.9 61.7 ± 1.3 4.6 ± 0.3
4 49 ± 3.0 68.3 ± 1.2 4.2 ± 0.3
40 mol% Chol. 1 5 ± 2.2 31.7 ± 1.2 4.0 ± 0.3
2 104 ± 3.6 47.8 ± 1.3 9.9 ± 0.5
3 374 ± 4.3 60.8 ± 1.2 12.1 ± 0.4
4 7 ± 2.1 62.3 ± 1.2 2.0 ± 0.3
5 46 ± 2.3 68.3 ± 1.3 2.1 ± 0.3of the protein, whereas less energy is necessary for the denatur-
ation of Na,K-ATPase.
If the peak at 30 C is due to some unfolding, this structure
seems not to be important to Na,K-ATPase function, since enzy-
matic activity is detected above this temperature. We see that this
part of structure is lost on a cholesterol ratio dependent way. At
20%, in which the highest enzymatic activity was observed, a peak
at about 30 C means that one part of the structure unfolds in that
temperature, but the structure responsible for the activity is
certainly well organized in that cholesterol ratio if compared to
the other, providing an optimal activity. Or maybe, this peak can
just be related to some translational movement and not necessarily
to the loss of some structure. This can happen because the ﬂuidity
of the lipid membrane is increased and the protein can become
more ﬂexible.
Despite that proteoliposome with 20 mol% cholesterol has the
higher activity; the stability is comparable to 40%. At this ratio,
no peak is seen below physiologic temperature and the enthalpy
variation is maximized, with low susceptibility to denature,
compared to 10 or 30 mol% cholesterol.
Experiments of thermal inactivation were also performed to
verify the thermostability of the enzyme, through the analysis of
the enzymatic kinetics in different temperatures and cholesterol
content in proteoliposomes. In the absence of cholesterol, at
50.0 C, the best adjustment was a linear ﬁt and at 55.0, 57.5,
60.0 and 65.0 C was an exponential decay. In the presence of
cholesterol, the linear ﬁt was the best adjustment for 50.0 and
52.5 C and exponential decay for the other temperatures. The activity
reaches zero for the higher temperatures (57.5 and 60.0 C).
The times for activity decrease up to 50% (t50%) were different
depending on temperature and cholesterol ratios (Table 2). In the
absence of cholesterol the t50% values were lower for all tempera-
tures. In presence of cholesterol, the t50% at 50 C was higher for
the 40 mol% cholesterol. Then, in lower temperatures, enzyme
activity is lost more slowly at higher cholesterol content. However,
at 52.5 C the t50% values are higher for 20 and 30 mol% cholesterol.
At 55.0 C, the t50% is the highest for 10 mol% cholesterol, while for
the other cholesterol ratios the values are closed.
The mimetic systems (proteoliposome) associated to the DSC
technique were able to detect the difference in conformation of
Na,K-ATPase. In reconstituted systems it is possible to bring the
protein closer to native conformation, avoid aggregation that
occurs in solubilized sample and study the inﬂuence of lipid
composition in protein structure and function.
It is known that the plasma membrane is compartmentalized
into structural and functional different microdomains. These
microdomains may sequester speciﬁc proteins and lipids, while
excluding others, to form a dynamic center for regulating cellular
processes such as signal transduction, vesicular transport, and
cargo delivery [41]. The results showed that Na,K-ATPase acquires
a different conformation depending on the lipid microenvironment
and this can explain the reason the protein has different functions
(ion-pump or signal transducing) depending on the lipid
microenvironment.Table 2
Time of inactivation (in minutes), in different temperatures to reach 50% of ATPase
activity of reconstituted enzyme at different DPPC:DPPE:cholesterol ratios.
Chol. (%) Inactivation (C)
50.0 52.5 55.0
0 130 ± 4 – 40 ± 4
10 204 ± 6 158 ± 6 96 ± 4
20 218 ± 4 191 ± 6 43 ± 5
30 197 ± 5 195 ± 5 38 ± 4
40 296 ± 5 161 ± 5 36 ± 4
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We observed that, without heating treatment, at 37 C, the
activity was higher for 20 mol% cholesterol. However, thermal
inactivation experiments showed that the enzyme loss activity
time is dependent on the cholesterol content of the membrane.
Some differences between the thermograms can be seen indicating
that the presence of lipids leads to a conformational change in pro-
tein structure and this change is enough to change how the Na,K-
ATPase thermally unfolds.Acknowledgments
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